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The  purpose  of  the  tests  herein  described  vira,s  to  obtain  further 
information  on  the  best  arrangement  of  laraps  for  use  in  lighting  dairy 
stables  and. to  determine  present  fann  practices,  A  survey  of  the 
natural  lighting  of  fann  bams  Y-ras   also  made  and  vrill   be  reported  at  a 
later  date.   In  these  studies  the  Departraents  of  Agricultural  Engineering 
and  Dairy  Husbandry  of  the  University  of  Maryland  cooperated  mth  the 
Divisions  of  Farm  Structures  Research  and  Rural  Electrification  Research 
of  the  Bureau  of  Agricultural  Chemistry  and  Engineering  of  the  United 
States  Department  of  Agriculture. 

More  than  60  Maryland  farm  bams  were  visited  and  26  of  these 
were  studied  mth  50  or  more  different  light  combinations  ranging  from 
25  to  200  v.fatt  lamps,  and  mth  lamps  spaced  from  3  to  6  stalls  apart. 
The  farm  combinations  were  then  analyzed  and  new  ones  tried  at  the 
experimental  dairy  barn  at  the  University  of  Maryland, 


_l/Agri cultural  Engineer,  Division  of  Farm  Structures,  Bureau  of 

A/'-ricultural  Chemistry  and  Engineering,  U,  S,  Department  of 
AgricLilture. 

2/Specialist  in  Agr'l  Engr.,  Extension  Service,  University  of 
Maryland. 

3/Credit  is  aclaiowledged  for  assistance  rendered  by  Harry  L.  Carver 

Agriculttiral  Engineer,  Division  of  Rural  Electrification  Research, 

in  the  planning  of  the  study,  and  participation  in  field  yrork  on 
several  occasions. 
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Instruments 
A  standard  type  of  Weston  Light  Meter  having  0-25,  0-50,  0-250 
scale  ranges  and  a  trTO-cell  paddle  with  an  extension  cord  v;as  used» 

Special  cover  plates  or  screens  were  made  so  as  to  obtain  daylight 
readings •  A  convenient,  light-weight  tripod  v/as  made  for  the  light 
m.eter,  A  handle  four  feet  long  pennitted  the  operator  to  vary  his 
position  so  as  to  avoid  shadows  and  to  facilitate  quick  movement.   The 
tripod  had  a  fixed  height  of  one  foot  and  all  floor  readings  vrere  taken 
at  this  height.  In  the  use  of  this  instruinent  there  is  of  course  an 
element  of  personal  error  in  readino:  and  at  the  illuminations  below  a 
half  footcandle  the  error  in  reading  becomes  larger.   These  data  are 
presented  mthout  any  attempt  to  make  corrections  for  calibrations  of 
instrument  and  should  be  accepted  as  such.   Since  for  the  most  part 
the  instrument  vjas  read  and  the  paddle  held  by  the  same  individuals, 
the  personal  errors  are  assumed  to  compensate. 

Description  of  Stables 

With  the  exception  of  4  stables,  all  cows  faced  outvjard.  Heights 
of  lamps  from  the  floor  varied  from  6  feet  6  inches  to  12  feet.   Stable 
widths  varied  from  32  to  47  foot  (vdth  3  rows  of  covrs)    some  with  raised 
feed  alleys  and  others  mth  high  front  mangers.  Lamp  sizes  in  farm 
barns  varied  from  25  to  200  -v.-atts.  Bare  lamps,  diffusion  globes,  shallow 
dome  and  concealed  reflectors  as  vroll  as  angle  reflectors  from  side  v.o.lls 
were  observed  in  farm  barns.  Many  other  interesting  comparisons  were 
made  but  time  docs  not  permit  their  discussion. 

Since  the  Marylcaid  University  barn  varied  some-vshat  from  the 


-  3  - 

ordinary  farm  'bam,  a  brief  record  of  the  points  of  difforcnco  mil 
permit  of  greater  appreciation  of  the  test  data. 

The  barn  ■lA.'alls  vircrc  made  of  8-inch  concrete  blocks,  and  beaded 
ceiling  vm.s   used;  both  v.^lls  and  ceiling  v;ere  painted  white  but  the  sur- 
face had  been  somewhat  dimmed  hj   service.  However,  except  for  novdy 
painted  or  frcshlj'-  cleaned  surfaces,  the  conditions  vrcrc   above  the 
average  for  most  farm,  bams.   The  ceiling  height  at  the  center  ictfas 
9  feet  2  inches  varying,  v/ith  the  gentle  slope  of  the  floor. 

The  entire  stable  housed  40  purebred  covirs  -  Hoi  steins  at  one 
end  of  the  stable  and  Ayrshires  at  the  other,  Ayrshires  v/cre  used 
throughout  most  of  the  tests « 

The  manger  Vv-as  30  inches  high  in  front  and  wood  partitions 
extended  to  the  top  of  the  pipe  rail  of  the  chain-tie  type  of  stall. 
The  stall  mdth  I'.'as  4  feet  and  varied  in  length  from  5  feet  8  inches 
to  5  feet  10  inches.  The  interior  mdth  of  stable  ims  38  feet.  It 
is  evident  that  the  extra  v/idth  decreases  light  received  at  sides  from 
center  lamps,  high-front  mangers  reduce  light  on  floor  of  feed  alley 
over  that  of  raised  alleys;  and  lack  of  stanchions  adds  a  slight  incre- 
ment of  light  to  food  alloy  over  that  of  the  average  farm  barn.  Hence, 
like  arrangement  of  lights  as  tested  Tvhcn  used  in  farm  barns  and  stalls 
of  ordinary  width  and  standard  construction  may  be  expected  to  give  a 
slight  difference  in  interior  illimiination  in  keeping  with  variations 
in  construction. 

All  floor  readings  wore  taken  at  a  fixed  height  of  one  foot  at 
milking  point  in  stalls,  directly  under  lamps  and  midv/ay  bctiArcen  lam.ps. 
The  feed  alley  readings  were  m.ade  3  feet  from  the  side  v.rall,  Lcanps  in 
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thc  litter  alley  vrcro  tried  in  the  center,  over  the  rear  gutter  line, 
Tonder  girders  and  2  feet  in  front  of  girders.   In  some  cases  lamps 
•were  opposite  and  in  other  combinations  staggered  as  shoY,TL  on  floor 
plan  Fig,  4,  Lcanp  spacings  for  3,  4  and  5  cows  were  tried  or  9,  12  and 
16  feet  apart.   The  total  rated  wattage  varied  from  120  to  800  mth  3  to 
8  lamps  in  use,  ^ 

Presentation  of  Data 

Table  1  shows  the  light  readings  obtained  in  the  stables  of 
some  of  the  farm  barns  surveyed.   These  data  are  a  fair  sample  of 
conditions  vdth  the  lamp  spacing  varying  from  3  to  6.5  stalls  and 
size  of  lamps  from  25  to  200  T^atts,   These  barns  vrcrc  approximately 
34  feet  in  inside  Vvddth  and  varied  somewhat  in  ceiling  height  and  wall 
finish.  Bams  6  and  17  had  high-front  mangers  and  the  others  v/ere  of 
"sweep  in"  tj^rpe. 

For  detailed  comparisons,  the  differences  in  the  conditions 
mthin  the  stable  itIII  have  to  be  considered.   Table  1  gives  briefly 
a  sample  survey  of  the  light  conditions  as  found  in  the  modern  farm 
bams  vjhlch   meet  all  the  requirements  for  shipping  milk  into  the  city 
of  Washington,  Barn  number  1  v;a.s  built  in  1939,  Barn  6  is  typical  of 
many  now  bams  in  Maryland,  whilo  8,  14  and  17  are  somewhat  older. 

Fig,  1  shews  data  obtainod  in  two  modem  barns  ranging  from 
the  smallest  lojnps  of  25  iTutts  to  tho  largest  of  200  vra,tts.  The  story 
is  made  more  complete  by  removing  the  old  lam.ps  and  measuring  other 
sizes  as  shovm  in  Table  1  and  Fig,  1,  With  no  lamps  in  the  feed  alley 
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for  several  farm  stables,  the  60  Tra.tt  lamp  spaced  in  the  central  or 

litter  alloy  at  interv3.1s  of  4  stalls  in  stable  SF  gave  almost  the 

-/ 
same  lighting  at  the  milking  point  as  did  the  100  Tntt  lamps  spaced 

from  4-1/2  to  5  stalls  in  stable  8F  ivith  an  average  of  slightly  less 

than  one  footco,ndlc.  The  variations  of  the  individual  stalls  may  bo 

noted  by  reference  to  Fig,  1, 

The  feed  alloy  readings  for  100  Tjatt  lamps  in  sto.ble  8F,  v/ith 
high  front  mangers,  were  less  than  those  in  6F  v/ith  sv/cep  in  t^y^e  of 
manger.  It  is  also  of  interest  to  note  that  a  higher  average  illixmina- 
tion  v/as  later  obtained  (up  to  4,06  footcandlos)  in  several  other  tests, 
mth  different  spacing  but  Ydth  the  same  total  rated  T:attage  or  even 
loss,  in  spite  of  the  usual  incroased  output  of  l\.imens  per  imtt  for 
the  larger  la.mps,   (See  table  2.)   The  arrows  shov.n  in  Fig,  1  and  sub- 
sequent figures  represent  positions  of  readings.   Those  arrows  aro 
omitted  \-.h.ere  the  reading  Y;as  taken  directly  under  the  lamps. 

Fig,  2  shows  scmov/hat  simAlar  comparison  of  lamp  sizes,  but 
mth  the  vertical  section  talcon  across  the  stable.   In  Fig,  1  data  for 
stable  8F  are  shovm.  for  stall  position  and  a  cross  section  of  stable  is 
shovm  in  Fig,  2,  Because  of  the  central  position  of  the  litter  carrier 
track  in  this  stable,  lamps  on  one  side  are  one  foot  off  center  and  the 
effect  shows  up  in  Fig,  2  and  is  present  in  Fig,  1,  An  exact  comparison 
is  not  possible  because  of  the  variables  such  as  reflecting  surfaces  of 
walls,  height  of  ceiling  and  other  minor  construction  factors. 


4/For  the  most  part  reference  to  light  readings  in  this  paper  aro 
for  the  milking  point  in  the  stall  and  adjacent  to  the  ccw  as 
othGnfasc  noted. 


-    7    - 


m 

R^ 

Hi 

u 

o 

o 

N 

■H 

CO 

Ti 

Pj 

K) 

d 

o 

•H 

-P 

•H 

^ — , 

W 

■"O 

o 

CD 

^ 

U) 

-rt 

-d 

•H 

0 

U 

•H 

Xi 

^ 

< 

to 

> 

^ 

. 

+J 

m 

•H 

u 

& 

o 

-p 

d 

o 

?H 

CD 

CO 

iH 

m 

<+H 

CD 

rH 

« 

cd 

-P 

-P 

i=! 

3 

fl) 

C3 

P 

^ 

•H 

CD 

^ 

Ph 

w 

t:) 

w 

Pi 

1.0 

Pi 

•H 

XI 

p 

Cfl 

•H 

+^ 

«? 

^ 

m 

•H 

Hi 

<+H 

o 

CQ 

-P 

CQ 

® 

IH 

• 

sa 

<D 

rH 

^ 

CO 

Eh 

<JD 

^1 

Pi 

CD    ■<J^ 

oX) 

cn 

Pi 

P, 

,cd 

h 

f=^ 

h5 

CVi 

>> 

CD 

^^ 

rH 

© 

oj 

hO 

a 

'ri 

CO 

Pi 

W 

ul 

TZf 

CO 

(D 

CD 

0 

rH 

I^H 

T^ 

•  1 

p; 

o 

1.0 

s 

o 

p> 

o 

o 

CD 

\^ 

M 

Pi 

(H    CO 

<D  p:; 

P" 

-P 

•H 

J^         • 

o 

f^: 

•  o 

0    W 

l>    1 

_    A     rH 

rH 

CO 

p> 

0    O     O 

Ti    W    E^ 

•n     1 

O)     rH         • 

rH       W 

-P          CO 

-d    CO  ^ 

CO 

tiD   > 

n) 

•H     O 

rH 

P4  o     • 

Tj 

Pi 

Q 

•H 

CO 

f-^ 

o 

p> 

^>.^ 

o 

W|rH 

o 

1.0 

l:^ 

4-> 

O 

Eh 

0    O 

Ti  ^ 

■rl        1 

CIJ     rH       W 

CO 

-P     CO    ,^ 

ch    ^ 

0    o 

h^  o     •• 

f^l 

•H 

r^ 

Q) 

. 

N 

o 

•H 

U) 

CO 

Ti 

0    -P 

Pi 

Pi     rH 

CO 

•H      O 

yA    > 

t)(. 

Pi 

CO 

•H 

1,          <D    -^ 

;•      N  p> 

O 

CO 

•H     CO 

ft 

V.0        ^ 

'Ji 

a 
1 

CJ             CQ 

cu    'iO   pS 

&I    Pi    o 

h-l 

Ko  -H  cj 

^      1 

CO 

CD         1 

E-1        1 

CO 


W(A2LOLOcOt>cOl:OcOC0-*C<i':}*t>rHt>tO 
OOOOOOOrHOOrHcDOOrHOrH 

CO  cv  o  -^t  cxi  o-  oj  o  lAi  tx)  cj>  c\2  L.-0  c-  o  03  oa 

OOrHOOrHOCOOrHOOOOrHOrH 

CO 
lXiCOlOli'5(X!OrHt>-vj<(r)Crv2CV]COti)OD-CO  Pi 

o 

O   O    (.w   O   O    v/l   OC0Osi<rHOOOrHOrH  -H 

-P 

■H 

-p 

O   -*   O   U3   CO   ^    rH    ^0   ^'1  W    -^jM    U3   LO   Li:i  Pi 

••  •....  w 

CV   C\2   O    CO   O   ^    O   «   O  O    O   O   O   O  Ph 

_      I      I       I       I       1       I       I       I       I  I       I       I       I       I 

0  O  ^   CO  O   t>-  O  <M  rH  00   CVi   O    rH   C^   -nH   CO  u;)  Pi 
Q 

OOOOOOOiHOOOOOOOOO  CD 

Pi 

to 

C-i   CO  W  C\j'  w 

I      I  I  I  I  Ti 

OOWtOOc\iOC^.OWOOOOOOO  Pi 

CO 

CJ 

mrHOlOaD[OI>-rHcOLOt>-OCNrHr£)I>-CO 

• -p 

■vf"    H    rH    rH    rH    ca   ^    LC:)    CfJ    CO   li')    LO    rH    CO    u:3    LO    ^  P) 

t     I     I     I     I     I     I     I     I     t     I     I     I     I     I     I     I        ^ 

LCi    O-    C-    O   tN    CO    O    iTi    CJi    CO    rH    rH    lO    O    LO    lO    W 

u 

rH  O  O  rH  O  rH  CO  lO  rH  uU  -Jl  rH  rH  c:)  li'J  CO  lO       © 

tiJ 

Pi 

•sJ^    CO    C^i    CO    CO    liO    CO    CO    -^    ^    ^    u^O    «3    tD    UD    ^    CD  CO 

UD-vi^cCl,viC0tX)Oa)C0(MrH%i^O'cfr^^D^3  tin 

O   UO   lO    !>-   tX)    O   'D   cri   CJ>   uO   O   CO    CJ1    CO   cO    rH   O  O 

0 

P> 

[NtNCnCOCr)Cv!LOiiOLOCOC7>rH^CO-:HlOCO  Pi 

•      •••• CD 

OlOsHOcDrHi-OCr.    OCOOOOCOtNCviOrH  O 

rH  rH    rH     rH    rH    rH    W  rH    CO     CVC    << 

-p 

CO 

ioi>t>rHcr)^rHcoc\3co!>ocou::)i>cvcu 

-;t< 

rH    O    O    rH    O    rH    Cv3    C\2    rH    rH    W    rH    rH    CQ     ;ti    CO    <-0 

o 

QOCOCO^LOO-COCOOOOCOtD-<HrHtOCVJCO 
OOOOOOOrHOrHrHOOrHrHrHW  >^ 

© 

rH 
rH 

LiO   en    CO    C-    GO    O   CO    rH    W    CX'    CO    '.O    to    O    CO    (JD    CO  CO 

o  si^  liO  'D  CD  o  tjD  o  0">  i.o  cf^  CO  a-  en  lO  cv  cr>        -o 

rH  rH     rH     CV  r-\     <-A  rH     i'O     C\J     CO  © 

Cm 

CVt£)0"iC0C0c0rH00rHO<£>t0WcDC\iC0rH  -P 
CO 

rH    O    O    O     O    rH    Oa    CM     rH    rH    C.\i    rH     rH     W    bO     CO    ^ 

u 

0 

CN  CO  LO  lO  lO  O  -41  rH  C-  CO  O  UD  'D  rH  (.\i  0->  rH     pl 

OOOOOOrHHOOrHOCDrHrHOrH  S 

o 

'^COtNCncOOCOO^CX)'^L-Ot^'i3';DU3«D 

Pi 
„  O 

iO   O  O   lii  O   O  LO  P' 

••II       ••III       ••lllll 

CO    CO       I         1      CD     rH       I         I         I      rH    01       I         I         I         I         I      CTi  -P 

rH    rH       I         I      rH     0(       I         I         I      CV3    rH       I         I         I         I         I      rH  Cj 

r-\     r-{  r-\     ^  ^     r-\,  rH 

Pl 
© 

OOOOOOOOOOOoOOOOO  >^ 

O-^"^      ■J-'yD«DOO!D-XiOu3<''5DOOO  cO 

r^  rA    r-\  r-\  ^H  rH  -P 

CQ 

I  Pi 

<^    5     O    5    O    O    O    O   O   O  O   O   CO   CO   cO    W   03  -H 

sH    n    Pl    P    Q    Q    p    Q    LO    CO    C3    Ui    --jl    -gi    sF    ^    ^;JH  Ti 

cU 

•  © 

1  p:^  ft; 

P4  rH  c\i  -^^  o  01  t>  00  en   -O  5-        ^v>, 

rH-^lOyDCTlrHOCOrHrHCOrHCViWCVJi.OCO  rH 


© 
Pi 
•H 
H 

U 
© 
•P 
+i 
?t 

fH 
© 

o 

CQ 

Pi 

t 

to 
H 

Ti 
© 
Pl 

© 

c\3 
+3 
tQ 


U2 


Ti 

Pl 

CO 

CO 

Pi 

n 

to 

rH 

U 

O 

tiO 

Pl 

•H 

o 

CO 

Pi 

CQ 

r-\ 

• 

cO 

TJ 

Pi 

© 

+^ 

CO 

Pl 

• 

pi 

© 

CQ 

o 

<-{ 

CO 

rH 

© 

CO 

CO 

.p 

0 

■^ 

o 

p> 

CO 

r-A 

o 

iiO 

Pi 

o 

0 

rH 

CiD 

Ti     • 

Pl 

o 

fH 

•H 

1- 

O 

CO 

Ch 

o 

3    ^ 

rH 

rH 

CO 

O 

O    -P 

oil 

Pl 

o    ^ 

Pi 

© 

© 

•H 

CO     <tH 

t:; 

Pl 

•H 

CO 

o 

^   s^ 

© 

p> 

fH 

CO 

© 

Pi 

Pi  Pi 

Pl 

o 

•rl       CO 

© 

pi 

P" 

o 

r.      CO 

© 

© 

O     r-i 

s 

<-\ 

S.        r-i 

<iH 

CO 

<tH 

© 

Pl  P' 

O 

Pi 

Q     CQ 
PJ 

g 

J 

-P     rH 

3 

Ph 

0     rH 

aj 

^  <; 

^ 

w'l 

^1 

Each  of  the  cross  sections  in  Fig,  2  contains  data  on  100  vra.tt 
lamps.   It  is  of  interest  to  study  these  together  v.dth  those  presented 
in  Table  2,  The  lovfcr  cross  section  represents  data  obtained  at  the 
experimental  barn  and  permits  of  a  comparison  of  tvjo   arrangements  of 
lamp  spacings,  that  of  100  ^att  lamps  in  the  litter  alley  centrally 
spaced,  3  coyrs   or  12  feet  apart,  mth  that  of  the  4- cow  staggered 
spacing  and  over  the  gutter  line,   Pu.rthcr  discussion  of  this  arrange- 
ment vri.ll  follow. 

The  readings  taken  directly  belov/  the  100  v.'att  lamp  in  the  3 
sections  are  essentially  equal  for  the  upper  and  lower  cross  sections, 
but  are  noticeably  lower  in  the  middle  cross  section.  High  ceilings 
and  low  reflection  factor  are  effective  but  not  measured, 

Ccv;-s  Facing  In  Versus  Out 
It  is  difficult  to  locate  stables  in  Ma.ryland  vdiero  the  cows 
face  a  central  feed  alley,  and  the  tests  made  in  the  few  foiind  wore 
ujisatisfactory  for  purposes  of  comparison,  Lov;-  voltage  made  it  necessary 
to  discard  the  data  from  one  of  these.  The  data  shovm.  in  Fig,  3  were 
obtained  in  tv.ro  v;ell-lighted  stables,  IF  and  19F,   In  stable  IF,  Fig,  2, 
cov/s  faced  outvra.rd,  and  the  lamps  in  the  central  feed  alley  v/ere  spaced 
3  cows  or  IO-I/2  feet  o.part.  In  19F  the  cot;s  faced  in.  Both  stables 
had  "svrcep  in"  t^rpc  mangers.   Stable  19F  had  exceptionally  clean  vra.lls 
and  ceiling  vrith  a  high  gloss  v/hite  enamel  finish  above  the  vdndovf 

sills.   The  area  belov;  the  sills  vra.s  painted  black.  This  stable  also 
had  concealed  lamps  in  R.  L.  I.i.  reflectors  level  vdth  the  ociling  line 

(at  a  height  of  10  feet  at  the  litter  alley)  and  vrith  a  4-cow  spacing. 
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These  are  the  major  construction  differences,  yet  it  is  obvious 
that  illumination  of  the  milkinj^  position  in  these  tvro  stables  is  quite 
different,  being  about  l/S  less  vd.th  the  cov/s  facing  out  v.dth  all  3 
sizes  of  lamps.  In  the  case  of  covra  facing  in,  the  lamps  and  imlls 
were  closer  to  the  milking  position  and  the  total  Trnttage  v/as  higher. 
The  differences  shov.oi  in  the  feed  alley  are  not  significant© 

Experimental  Barn 
Fig,  4,  the  floor  plan  of  the  experimental  barn,  shov>rs  the 
relative  position  of  the  stalls  and  lights  for  the  different  combina- 
tions.  There  vrcre  56  sets  of  readings  taken  using  the  various  combi- 
nations.  The  nun^bers  shoiAOi  in  the  litter  alley  refer  to  the  lamp 
spacing  vidth  reference  to  number  of  cows.   The  circles  shovr  the  position 
of  the  original  lamps  mth  enclosing  globes,  which  vi'-ere  spaced  a  little 
over  4- 1/2  stalls  apart.   The  lemps  spaced  on  the  center  line  are 
designated  by  the  letter  "C"  v.rhile  those  v.dth  the  staggered  arrangement 
have  the  suffix  "S",  In  Table  2  reading  positions  in  stalls  and  alleys 
are  marked  rdth  arrows,  except  under  the  lamps. 

Central  vs.  Staggered  Arrangement 
Curares  sho^wi  in  Fig,  5  permit  a  lim.ited  com.parison  of  tr/o 
arrangements  of  lam.ps  and  their  effectiveness.   Tests  29  and  30  shovr 
that  the  100-v/att  lamps  and  the  4-cow  staggered  arrangement,  give 
higher  stall  illuinination  than  the  3-cot/  ce^ztral  arrangement.  If  we 
compare  the  averages  it  is  noted  tliat  the  six  60-T<'att  lam.ps  give  almost 
the  same  illimination  as  that  fcr  3-cow  spacing  using  four  100-v/att 

J-  "^J  o 

lamps. 
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Roflcctor  Study- 
It  is  rccognizod  that  reflectcrs  give  an  increased  efficiency 
in  light  distribution  doi^'nv.'ard  T^ich  varies  mth  their  individual 
characteristic  and  cleanness.   The  reflectors  proinde  ledges  for  col- 
lection of  dust  and  as  the  reflecting  surface  becomes  dii-ty  their 
efficiency  likeavise  decreases,  YJhon  used  in  farm  stables  they  are 
seldoin  cleanedo   The  prevalence  of  dirty  reflectors  is  so  common  that 
their  use  is  opposed  by  milk  regulating  authorities  of  the  Yfashington 
milk  shed.  In  one  farm  stable,  reflectors  vrere  moimted  on  the  side 
vra.lls,  but  no  value  for  this  placement  could  be  detected  at  the  milking 
point  in  the  stall. 

In  the  experimental  barn,  glass  enclosing  bor.rls  are  regular 
equipm.ent  and  increase  the  attractiveness  of  the  stable,  Hcvever,  the 
data  in  Fig,  6  does  not  favor  their  use.  The  bottom  chart  compares 
them  in  the  condition  in  irjhich  they  were  originally  found  vdth  that 
after  they  had  been  cleaned  and  v.dth  bare  lamps  Yjlth  the  globes 
removed.   The  latter  gave  the  best  illumination.   Referring  to  Fig,  6, 
the  average  fcotcandles  for  clean  versus  dirty  glass  shoves  no  difference 
but  the  curves  shov;  that  clean  globes  o.re  better.   The  ax-^erage  data  is 
unduly  affected  by  coifr  No,  20  being  out  of  line. 

Standard  lOO-vctt  14-inch  shallow  bowl  reflectors  viere   also 
tried  and  the  results  shoi^vn  in  curves  at  top  of  Fig,  6,  Here  again 
reference  to  the  averages  does  not  tell  the  complete  story,  although 
there  is  a  difference  of  about  15  percent  in  favor  of  the  use  of 
reflectors  for  both  60-  and  lOO-v.-att  lamps. 
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Lamp  Position 

Having  compared  the  efficiency  of  lighting  arrangement  mth 
respect  to  staggered  lights  over  the  gutter  v.dth  that  of  centrally 
placed  lamps,  it  is  of  interest  to  compare  tvro  other  positions  vdth 
respect  to  the  cov/  as  shov.n  in  Fig,  7, 

The  upper  set  of  curves  using  a  40-r.'att  lamp  revealed  a  higher 
illumination  in  the  feed  alley  because  of  its  nearness,  vftien   placed 
over  the  back  of  the  coiv  and  2  feet  in  front  of  the  girder.  Hoi/vever, 
the  shadov.'s  cast  and  the  lovrer  illumination  at  the  milking  point 
shovred  this  position  to  be  not  very  satisfactory  and  the  position 
under  the  girder  vra.s  even  lees  effective.   In  fact,  Y/hen  the  100-v;-att 
lamps  were  tried  this  arrangement  v.-as  so  cb-^/iouslAr  undesirable  that  no 
further  trials  vrere  made,  Hcv»^ever,  these  curves  are  inadequate  to 
convey  the  true  condition  of  the  shadovrs  ivhich  must  bo  observed  in  the 
stable. 

Dark  vs.  Light  Colored  Cov/s 
It  is  of  interest  to  note  the  characteristic  difference  betiireen 
the  tvro  breeds  v/hich  vrere  studied  in  the  saj-.ie  stalls  by  the  interchang- 
ing of  cov:s.   The  Kolsteins  for  the  most  part  v/ere  unusually  black  for 
the  breed  and  the  Ayrshires  vrere  mostly  white,  thus  permitting  a  contrast 
of  the  t;ro  colors.  Fig,  8  shows  consistently  higher  footcandles  at  the 
milking  position  for  the  3  sj.zes  of  lamps  (40,  60  and  100  vro.tts)  and 

differs  from  10  to  18  percent  in  illumination.   Some  indi\mdual 
Holsteins  vrere  1  to  2  inches  higher  than  the  Ayrshires,   There  v.^as 
considerable  difference  in  weight  in  some  stalls  betvreen  the  two  breeds 
and  only  a  slight  difference  in  others.  In  stalls  16  and  20  the 
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difference  v.as  500  and  400  pounds  respectively  T;hile  in  stalls  11  and 
18  the  difference  xjtxs   50  and  75  pounds.  The  difference  in  size  appears 
to  "be  a  less  dominant  factor  than  that  of  color* 

For  convenience  in  comparison  of  light  position  test  56  of  part 
D  is  superinposed  on  part  C,  making  the  contrast  more  evident  for  the 
tvro  positions  of  lights  mth  a  60-v,'att  lam"o»  It  is  noted  that  the 
footcandles  for  the  light-colored  cons   are  in  general  higher  than  for 
the  dark  cows • 

Suimnary 

Most  farmers  desire  good  stable  lighting  and  mil  use  it  if 
some  one  mil  shov;  them,  how  to  obtain  it»  All  stables  require  some 
artificial  light  at  chore  time.  The  observations  of  present  cominon 
practices  and  the  tests  m.ade  vdth  a  vieviT  to  iiiproving  them-  have  been 
briefly  reviewed  in  this  paper.  The  studies  are  incom.plete  and  the 
data  not  entirely  analyzed,  but  the  high  lights  of  these  tests  have 
been  presented. 

Most  of  the  com.parisons  have  been  made  at  the  milking  point, 
and  feed-alley  lamps  have  in  m.any  cases  been  omitted  so  as  to  reduce 
the  variables.  Adequate  light  at  the  rear  of  the  cow  is  m.ost  important 
in  promoting  cleanliness  of  the  covr  and  the  production  of  clean  milk. 

In  stables  Y;h.ere  the  feed  for  indi"d.dual  cows  is  weighed  more 
illumination  in  the  feed  alley  is  needed  than  that  used  in  the  ordinary 
stable.   The  feed  alleys  in  the  experimental  barn  used  in  these  tests 
do  not  have  laitips  as  regular  equipment.   The  ill-ur.iination  pro\"ided  by 
the  center  lamps  is  inadequate  to  give  the  desired  satisfaction. 
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Tests  5,  8,  11  and  14  in  the  abridged  Table  2  shoiY  how  this  condition 
may  be  improved. 

Observations  raade  shoiv  a  need  of  2  footcandles  or  nore  for 
close  readings  of  the  ordinary  dairy  scale o  In  the  ordinary  feed 
alley  0,3  to  0,5  footcandles  or  more  are  used  but  this  is  inadequate 
to  enable  one  to  distinguish  the  tines  of  a  fork  on  top  of  a  clump  of 
hay,  although  the  bright  wood  handle  may  be  readily  seen. 

The  majority  of  dairy  farmers  desire  better  lights  in  their 
stables.   The  Maryland  survey  indicates  that  many  are  satisfied  vri.th 
approximately  1  footcandle  of  light  at  the  milking  point.  Our  studies 
show  that  higher  levels  of  illimiination  can  be  easily  obtained  Tvdth 
efficient  use  of  60-  or  lOO-v/att  lamps.   The  difference  in  cost  betvreen 
poor  and  mediocre  light  and  that  of  good  lighting  is  so  sm.all  that  few 
vdll  hesitate  to  improve  their  lighting  if  they  are  shovm  hov/  they   may 
do  it. 


^ 

^^^ 

ro  <Du>  o 

o 

OOio 

CNJ  O)  ro  oj 

o 

<r>^c\j 

ro 


CJ 


<Ji 


00 


u> 


lO 


fO 


CVJ 


>- 

UJ 


O 
UJ 
UJ 


n 


\     \    + 
lO  OJ  — O 


r    + 

lO  —  o 


^  CVJ  —  o 


o  ooio 


L 


It 


u. 


O 

2 


\ 


i 


<\ 


I  ! 


J 


orAv 


^— OK 
rocj  — 


-     OJ  to  h-  iO 
oJ  — '     *     * 


ro  cvJ  — 


cvj  —* 


iqqo^ 
rocsj  — 


cJ  — 

If) 

CJCDOOCVi 
ro  —    '    * 


CSJ         — 


roio—  ro 
—  ^0>  CD 
oJ~    '    * 

O'rAV 


coiOrOoJ 


oooo 

OioOcT) 
OJ 


ro 


OJ 


-        O 


S3iaNV0100J 


< 


# 


M0113A 


311 HM 


in 
-^  o 


-ol- 


] 


GO 


^  ^^^^zz^^^sz. 


.o-.oi 


00 


J 


u. 

(0 

6 

Z 


cq^ 


I 


x: 


/•S'Wf   1N3I^30 


>o 


UJ 


o  w 
o 


.9-.II 


S310NV0I00J  \0 


'''-—3I/HM 


(MOOD  -l- 

(MO  9 J     q^WWWW 


ooo 
CVJrO 

d  6 

z  z 


UJ 

> 

UJ 


z 
o 


z 

3 


C^ 


l.>! 


^ 


to  — 


(£ 


m 


fO 


CVJ 


CNJ(£> 


0> 


OO 


u> 


lO 


lO 


CVJ 


CVJf^ 


>- 

UJ 

_l 

<fO- 

UJ 
UJ 

u. 


CJCO 


OO 
0(0 


CVJ 


-     o 


o 


ro  — 

o 


CVJ  to 
to  — 


oqio 
cvi  — ■ 


>- 

UJ 


o 

UJ 
UJ 

u. 


to  — 


mcvi 

<> 

do 

Cn 

^o 

CVJ  — 

<> 

^^ 

OO 

rOiO 

0<f> 

m  — 

~" 

^ 

^^ 

oo 

(o^r 

sanoNvoiooj 


cvi  — 


CSJO 
cvj  — 


CD  to 

cvi  — 


3 
O 

o 


< 
u. 

to 

o 
o 

</) 
a: 

UJ 

> 


^      z 


o 


oo> 

o 

cjO 

^ 

o 

—  lO 

o 

rO  — 

u. 
o 

>- 

o 

-) 

fO  o 

H 

CVJ  — 

(O 

O 

^^ 

OO 

tO'*^ 

"5 


v.< 


^ 


c^ 


n 


rO 
I 

O 

o 


GO 

c 

N. 

o 

OJ 

^ 

^ 

o 

o 

iO 

o 

1 
CO 

(/)     o 

^ 

^     ro 

^j 

o 

CSJ 

- 

00 

o 

- 

• 

\/ 

\ 
\ 

- 

0) 

K 

% 

^^^ 

- 

1 

V^ 

- 

00 

^^ 

-^ 

y' 

N 

< 

M 

— 

\ 

\  I 

y 

s. 

\l 

, 

<0 

\ 

> 

^    / 

\ 

_ 

\ 

, 

N 

Q, 

N 

12 

> 

.     1 

5 

- 

^ 

^ 

4 

>• 

- 

v^ 

^{ 

- 

fO 

\ 

l\ 

\ 

l\ 

- 

CM 

^ 

V 

^^^ 

V 

V 

s 

X 

3 

> 

^ 

^. 

OiO 

z 

-J 
< 


^         fO         CVJ  — 

S3iaNV0i00d 


o 


o 


o 


o 

0 

(0 

1 

<> 

CVJ 

o 

ro 

00 

eg 

• 

o 

z 

1 
O 

d 

z 

o 

<> 

o 

o 

a. 


UJ 

2 

UJ 

o 

z 
< 
cr 

o 

UJ 
(T 
UJ 
O 
O 
< 
I- 
(O 

</) 

(/) 

q: 

UJ 

> 


< 


UJ 

o 


>- 
o 

cn 


1.1^ 


^ 


ro 


CJ 


-NfO 
MCOcvJ 

\\\ 

(to: 

OOCD 


esjiON 


CSiCSj  ^ 

•  «  • 


esicvj  K 


x4 


w 


I 

I 

o 
I 


I-  »- 
o 


III 


I'' 


"1^ 


O 

z 


CVJ        —        O 


<^ 

- 

:^ 

^ 

7 

<^ 

- 

t;^^ 

^ 

if) 

<o 

^^ 

Hl^^ 

lO 

_  H 

^5^ 

»- 

^^W 

< 

lO 
CSJ 

u 

0,^ 

o 

q: 

J 

^ 

Q. 

o 

UJ 

^ 

T 

s 

^■^ 

H 

^^ 

1 

< 

1 

1 

>- 

-t 

i 

-J 

X 

*=* 

< 
ffi 

^ 

^, 

U>        lO 


rO 


CSJ 


-       O 


yj 

UJ 

(/)  < 
q:  CD 

o 

o  z 
_J 

U.       "^ 

q:  < 

UJ 

o 

I- 
=    tr 


UJ 
>-  CD 
O  O 
3  -I 

H  O 


S3iaN VOlOOd 


< 

h 


si) 


ii> 


I? 


^  m  fo  ^ 

lO  00 

O  K  00 

\j  K)  JO  »o 

CJ  —  iD 

^               CD 

fiD 

(£ 

QC 

f^  a> 

«>  CO  ^ 

ro  evj  H- 

fO  CVi  H 

^-v.-'Z 

v-._^Z 

^1      UJ 

^-N-'-^UJ 

^    o 

^        ^ 

o    °^ 

9   S 

z  ^ 

O     UJ 

^    a. 

^O  O  to 
^fc     .     •    • 


B 
I 
o 


< 

UJ 


I 

X 
I 

O 

X 


O 


(Ji 


oo 


U) 


m 


fO 


CSJ 


O 

z 

^IJ 

-J 
< 

h 

0) 


JO       ^       ro        cvj 
SBlQNVOiOOJ 


u 


^ 


lN30a3d 


i 


o 


(0 

ro 
00 


o 

z  \ 

V 

x^ 

, 

CVJ 

YRSHIRE 
-3.24 

LSTEI 
2.92 

\ 

>r 

//o 

y 

GO 

\ 

^ 

^' 

1, 

<o 

^     1 

.-^ 

y 

H      . 

/■I 

f 

H 

h- 

1 

< 

— 

\ 

^ 

^v 

V 

O     " 

(0 

(n 

NX 

V 

.^ 

-     1- 

^ 

b 

\ 

< 

V 

in 

^ 

IS, 

1   1 

— 

1  ^ 

<^ 

t  1 

-     O 

1 

\ 

1  1  - 

^ 

o 

^^^ 

^'^ 

^ 

/J 

■^ 

;^^ ' 

y 

*^^ 

^ 

- 

^  \ 

If 

ro 

\\ 

_J 

CVJ 

\ 
\ 

lO 

"\ 

lO 

0>    '^ 

CVJ 

OS 

\ 

"^ 

CM 

« 

00 


to 

00 


V 

X 

\ 

in 
00  - 

^'( 

/. 

c 

> 

vl 

> 

1 

i^ 

> 

\ 

i^ 

en 

\ 

o 

^ 

V)    \ 

1 

iD 

-  \- 

\     1 

- 

< 

1    \ 
t     \ 

X 

^ 

^ 

\     ^ 

\ 

(o 

\ 

\ 

0. 

O 

y 

\ . 

< 

> 

^ 

_j 

\ 

i 

A 

^ 
^ 

V  ^ 

1 

OJ 

\ 

K 

^1 

-<^ 


o     ®  " 

~j/o 

.      <|  X 

> 

' 

o 

o)  1 

^  1 

ro 

^  1 

.  <  \ 

^  1 

I 

O   \ 

■<>- 

1 

if) 

1 
1 

1 

1 

CL 

< 

1 

_l 

ti\ 

to 

^ 

^ 

-:«o 


fO 


CVJ 


O      ro       CVJ         —       O 
SaiQNVOlOOd 


CVJ 


_.       O 


«n 

(/) 

-J 

a. 

_l 

2 

|2 

< 

(/) 

_J 

Ul 

U- 

I 

o 

h- 

en 

Z 

UJ 

rM 

</i 

CD 

K 

O 

Z 

o 

UJ 

(T. 

H- 

UJ 

I 

U. 

C5 

U. 

— 

J 

o 

T 

cn 

K 

3 

</) 

^ 

q: 

Ul 

Z 

> 

o 

^ 

K 

a: 

< 

< 

Z 

o 

2 
Z) 

_J 

I 

-1 

3? 

-I 
< 

V) 


ID 


O 


eo 


^ 


^ 


